Introduction {#S0001}
============

Epilepsy is one of the most common, serious neurologic diseases, affecting over 65 million people worldwide.[@CIT0001] Despite the expansion of the anti-seizure drug (ASD) repertoire, with over 16 new ASDs having become available during the past three decades,[@CIT0002] one-third of patients with epilepsy do not respond to ASD treatment.[@CIT0003] Further, many patients suffer from adverse effects of ASDs, which is responsible for poor adherence and discontinuation of ASD therapy, contributing to increased risk of death and increased utilization of unscheduled care.[@CIT0004] Therefore, the need to discover new ASDs with improved efficacy and better tolerability profiles continues. Brivaracetam (BRV) (Briviact, UCB, Inc.), a propyl analog of levetiracetam (LEV), is a rationally discovered anticonvulsant with high-affinity binding to synaptic vesicle protein 2A (SV2A). It was initially approved in 2016 by the Food and Drug Administration (FDA) for adjunctive treatment of focal seizures in patients aged 16 years and older. In 2017, the FDA approved a supplemental new drug application for BRV as monotherapy for focal seizures in patients 16 years and older with epilepsy. Since 2018 BRV has been approved as monotherapy and adjunctive therapy in the treatment of partial onset (focal) seizures in patients age 4 years and older. In the European Union, BRV is only approved as an adjunctive therapy in the treatment of focal-onset seizures with or without secondary generalization in patients 16 years of age and older with epilepsy. This review discusses pharmacological properties, details of efficacy, tolerability, and safety profiles of BRV. In contrast to the previous reviews,[@CIT0005]--[@CIT0011] the current review focuses on the clinical trial data and most recent post-market studies of BRV.

Discovery {#S0002}
=========

BRV, a member of racetam family of anticonvulsants, was discovered during a target-based rational drug discovery program that was initiated with the purpose of identifying selective, high‐affinity SV2A ligands possessing antiepileptic properties superior to LEV.[@CIT0012] Approximately 12,000 compounds were screened in vitro for SV2A binding affinity. BRV and seletracetam were the two anticonvulsant candidates chosen for clinical testing,[@CIT0012] however, only BRV entered clinical trials, due to its wider spectrum of activity in animal models than seletracetam, and its pronounced ability to inhibit neuronal hyperexcitability.[@CIT0013]

Pharmacokinetics {#S0003}
================

Dosage and administration {#S0003-S2001}
-------------------------

BRV is available for oral (film-coated tablets of 10, 25, 50, 75, and 100 mg or oral solution 10 mg/mL) and intravenous (injection or infusion, 50 mg/5 mL) use. A recent crossover study demonstrated these formulations to be bioequivalent.[@CIT0014] BRV 100 mg intravenous bolus also had the same bioavailability to that of 50 and 100 mg tablets. BRV has a favorable pharmacokinetic profile over a wide dose range (10--800 mg/day) due to its linear and dose-dependent kinetics.[@CIT0015] BRV is rapidly absorbed after oral administration with close to 100% bioavailability.[@CIT0016] High-fat meals may delay absorption, and prolong peak time from 1 to 3 hrs.[@CIT0015] For tablets the median time to peak (tmax) after oral intake is approximately 2 hrs, whereas oral solution shows faster absorption with a tmax of 37.8 mins.[@CIT0016]

Metabolism {#S0003-S2002}
----------

BRV is highly lipophilic and can rapidly enter the brain (much faster than LEV).[@CIT0017] It crosses the blood--brain barrier (BBB) by passive diffusion without involvement of transporters, and engages with SV2A within minutes.[@CIT0017] BRV is weakly bound to plasma proteins (\<20%) with volume of distribution of 0.6 L/kg.[@CIT0018] The mean elimination half-life of BRV is around 7--8 hrs, which does not vary with dose.[@CIT0016] The steady-state concentration is typically achieved after 2 days of repeated dosing.[@CIT0018] BRV is extensively metabolized in the liver to three inactive metabolites.[@CIT0018],[@CIT0019]

Elimination {#S0003-S2003}
-----------

Elimination of unchanged BRV and its metabolites occurs via kidneys within 72 hrs, with 8.6% of administered dose eliminated unchanged.[@CIT0015],[@CIT0016] The renal drug clearance approximates 1.68 L/h in healthy subjects.[@CIT0016] Studies have demonstrated that the pharmacokinetic profile of BRV in elderly and renally impaired subjects is similar to that in healthy subjects.[@CIT0020] Conversely, severe impairment of liver functions dictates reduction of BRV dose by one third, with a maximal daily dose of 150 mg.[@CIT0021],[@CIT0022] The pharmacokinetic properties of BRV (vs LEV) are summarized in [Table 1](#T0001){ref-type="table"}.Table 1The pharmacokinetic properties of brivaracetam in comparison to levetiracetamBrivaracetamLevetiracteamDosage formulations\
 Oral\
 Intravenous\
25 mg, 50 mg, 75 mg, 100 mg\
50 mg/5 mL\
250 mg, 500 mg, 750 mg, 1000 mg\
500 mg/5 mL; 500 mg/100 mL; 1500 mg/5 mLBioavailability100%\* (may be delayed with high-fat meal)\>95%Time to peak, median (range)2 hr (1--4 hrs)1 hr (1--2 hrs)Protein binding15--20%\<10%MetabolismHydrolysis-primary metabolism\
Hydroxylation (CYP2C19)-16%\
Unchanged-9%34% metabolized (hydrolysis)\
66%-unchangedInvolvement of CYP450 enzymesYes (CYP2C19)NoElimination half-life (t1/2)7--8 hrs6--8 hrsTime for steady state2 days of repeated dosing24--48 hrs of repeated dosingClearance95% via kidney (8--10% unchanged)100% via kidney (66% unchanged)Dose adjustment in renal failure/dialysisNot requiredRequired (50% supplemental dose following HD)Dosing adjustment in liver failureReduce dose by 1/3 may be neededNot requiredRelevant drug--drug interactionReduced by co-administration of rifampin\
Reduce combined OCPs by 20--30% at 400 mg/dayNone[^1]

Drug--drug interactions {#S0003-S2004}
-----------------------

BRV has a low potential for clinically relevant drug--drug interactions. In regulatory clinical trials, BRV was not demonstrated to be effective in reducing seizure frequency by 50% or more when added to patients who were simultaneously taking LEV.[@CIT0023] Further, recent observational studies caution against the concomitant use of BRV and LEV due to concerns of severe behavioral disturbance.[@CIT0024] Concomitant use of BRV and LEV could also unmask masked depression,[@CIT0024] an atypical depression in patients with unexplained somatic symptoms, even if the symptoms of depression were either absent or present at lesser intensity and were not of primary concern.[@CIT0025] A dose-dependent and reversible inhibition of carbamazepine epoxide hydrolase (CBZ-E) by BRV could occur when it is co-administrated with CBZ,[@CIT0026] however a post-hoc analysis of three regulatory randomized clinical trials (RCTs) (N01252, N01253, and N01358) did not support this association.[@CIT0027] Further, analysis of the five regulatory RCTs (N01114, N01193, N01252, N01253, and N01358) has demonstrated that BRV does not affect steady-state plasma concentrations of LEV, CBZ, lacosamide (LCM), lamotrigine (LTG), 10-hydroxyoxcarbazepine, phenobarbital (PB), pregabalin (PGB), phenytoin (PHT), topiramate (TPX), valproate (VPA), or zonisamide (ZNS).[@CIT0028] Despite the possibility for plasma concentrations to increase when BRV is given with CYP2C19 inhibitors of CYP2C19 (eg, fluconazole and fluvoxamine), adverse clinical consequence is not likely.[@CIT0005],[@CIT0029]--[@CIT0031]

Mechanism of action in preclinical profile {#S0004}
==========================================

SV2A is an integral transmembrane glycoprotein expressed throughout the central nervous system and plays a significant role in regulating neurotransmitter release, although the exact mechanism remains unknown.[@CIT0032] It has been proposed that SV2A could act like a transporter or modulate exocytosis of transmitter-containing SVs and modify synaptic function.[@CIT0032] Early studies have demonstrated that SV2A-deficient mice experience severe seizures.[@CIT0033] Reduced SV2A expression has also been found in brain tissue obtained from animal models of epileptogenesis and patients with pharmaco-resistant temporal lobe epilepsy.[@CIT0034]

BRV and LEV bind to the human SV2A protein at closely related sites, however they interact at different binding sites, or interact with different conformational states of the protein.[@CIT0035] BRV has much more selective binding with the SV2A protein than LEV; a 15--30-fold higher binding affinity.[@CIT0036] Several animal studies demonstrated that BRV also has a much faster rate of brain penetration, SV2A occupancy (SO), and onset of action than LEV.[@CIT0017] Recently, using a positron emission tomography study, BRV was shown to achieve high SO more rapidly than LEV (when intravenously administered at therapeutic doses in humans).[@CIT0037] Similar to LEV, BRV is postulated to exert its anticonvulsant action by binding the SV2A and modulating its effect on neurotransmitter release.[@CIT0038] Although the details of how the binding to SV2A result in its anticonvulsant effect are not known, it is hypothesized that BRV binding may stabilize the conformation SV2A, enabling the protein to fulfill a protective role during seizures.[@CIT0039] BRV was suggested to inhibit voltage-gated sodium channels (VGSC), however, the reported inhibition of BRV on VGSC currents is not believed to contribute to its anticonvulsant properties.[@CIT0040] Unlike LEV, BRV does not modulate inhibitory or excitatory postsynaptic ligand-gated receptors at therapeutic brain concentrations, supporting the notion that BRV is a more selective and specific SV2A ligand.[@CIT0041] The proposed mechanism of action for BRV and LEV is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Proposed mechanism of action of brivaracetam (BRV) and levetiracetam (LEV). BRV and LEV bind to the human SV2A protein at closely related sites. BRV has a 15--30-fold higher binding affinity than LEV. Unlike LEV, BRV does not Inhibit high-voltage-gated calcium currents or modulate inhibitory or excitatory postsynaptic ligand-gated receptors at therapeutic brain concentrations.**Abbreviations:** AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; GABA, gamma-aminobutyric acid; GAD65, glutamate decarboxylase 65; SV2A, synaptic vesicle protein 2A.

The increased affinity for SV2A of BRV over LEV seen in in vitro studies correlated well with its higher potency and efficacy in various animal models of focal, generalized, and drug-resistant seizures.[@CIT0012] BRV has been shown to provide more potent protection than LEV against secondary generalized seizures in models of focal epilepsy, including cornea-kindled mice, hippocampus-kindled rats, amygdala-kindled rats, audiogenic seizure-susceptible mice, and the 6 Hz cornea-kindling model mice.[@CIT0042]--[@CIT0044] BRV has also demonstrated seizure protection in the classical maximal electroshock stimulation and subcutaneous pentylenetetrazole seizure models, albeit at relatively high doses.[@CIT0045] In addition, BRV demonstrated a complete suppression of seizures in the genetic model of audiogenic seizure-susceptible mice, and in the genetic absence epilepsy rat from Strasbourg.[@CIT0046] Further, BRV displayed more potent anti-seizure and anti-myoclonic activity in an established rat model of cardiac arrest-induced post-hypoxic myoclonus than LEV.[@CIT0047] Lastly, BRV was found to have a potent anticonvulsant effect in animal models of self-sustaining status epilepticus (SE).[@CIT0048] These findings suggest a broad-spectrum efficacy of BRV as compared with LEV.[@CIT0012]

Clinical trials {#S0005}
===============

Clinical efficacy {#S0005-S2001}
-----------------

Several double-blind RCTs have reported the safety and efficacy of various doses of oral BRV as adjunctive therapy for uncontrolled focal-onset seizures with or without secondary generalization.

Phase I studies {#S0005-S2002}
---------------

The findings of Phase I study (N01297) in 16 healthy volunteers suggested that the profile of cognitive, subjective, and electrophysiologic effects of BRV is similar to LEV and placebo.[@CIT0049] In a double-blind, placebo-controlled, parallel-group sequential cohort study of three successive panels of 12 healthy male subjects, BRV was well tolerated at doses of 200--800 mg daily for 2 weeks. Additionally, BRV demonstrated a favorable pharmacokinetic profile, characterized by rapid absorption, volume of distribution limited to total body water, apparent single-compartment elimination, and dose proportionality.[@CIT0019] In a Phase I randomized open-label, 5-year crossover study involving 25 patients the bioequivalence of oral and intravenous formulations of BRV was established.[@CIT0014] In a double-blind, randomized, three-way crossover study that explored the potential pharmacokinetic and pharmacodynamic interactions between ethanol and BRV in 18 healthy males, BRV approximately doubled ethanol effects on psychomotor function, attention, and memory.[@CIT0050] Therefore, the authors advised against intake of alcohol with BRV.

Phase II studies {#S0005-S2003}
----------------

An exploratory, Phase IIb, double-blind, randomized, parallel-group, placebo-controlled, dose-ranging study in patients 16--65 years old (N01193) found that adjunctive BRV at a daily dose of 50 mg (but not at 5 or 20 mg doses) was associated with significant reductions in focal seizure frequency per week.[@CIT0051] In another Phase IIb, double-blind, randomized, placebo-controlled, parallel-group, dose-ranging study (N01114), the primary efficacy analysis did not reach statistical significance, however statistically significant differences were observed as compared with placebo on several secondary efficacy outcomes with BRV at a 50 mg daily dose.[@CIT0052] Details of BRV efficacy results from these clinical trials are summarized in [Table 2](#T0002){ref-type="table"}.Table 2Summary of efficacy outcomes from the six regulatory RCTs of brivaracetam as adjunctive therapy in adult patient with drug-resistant seizuresStudyStudy designPopulationN (ITT)Treatment armsAge mean (years)Primary outcome focal- onset seizure frequency/week vs placebo)Median % reduction from baselineSecondary endpoints \>50% responder rateComplete seizure freedomFrench et al, 2010 (study N01193)[@CIT0051]Phase IIb, double-blind RCT, 4-week prospective baseline, 7-week treatment periodPatients with uncontrolled focal seizures despite 1--2 ASDs208Placebo\
BRV 5 mg\
BRV 20 mg\
BRV 50 mg33.6\
32.7\
35,3\
30.9NA\
9.8% (*p*=0.240)\
14.9% (*p*=0.062)\
22.1% (***p*=0.004**)21.7%\
29.9 (*p=*0.086)\
42.6% (***p*=0.014**)\
53.1% **(*p*\<0.001**)16.7%\
32.0% (***p=*0.047**)\
44.2% (***p=*0.002**)\
55.8% **(*p=*0.001**)1 (1.9%)\
4 (8.0%)\
4 (7.7%)\
4 (7.7%)Van Paesschen et al, 2013 (study N01114)[@CIT0052]Phase IIb, double-blind RCT, 4-week prospective baseline, 10-week treatment period (3-week up-titration plus 7-week maintenance)Patients with uncontrolled focal seizures despite 1--2 ASDs157Placebo\
BRV 50 mg\
BRV 150 mg40\
38.2\
34.4NA\
14.7% (*p*=0.093)\
13.6% (*p*=0.124)18.9%\
38.2 (***p*=0.017**)\
34.9 (*p*=0.111)17.3%\
35.8% (***p*=0.038**)\
30.8% (*p*=0.114)1 (1.9%)\
5 (9.4%)\
3 (5.8%)Ryvlin et al, 2014 (study N01252)[@CIT0053]Phase III, double-blind RCT, 8-week prospective baseline, 12-week treatment periodPatients with uncontrolled focal seizures despite 1--2 ASDs398Placebo\
BRV 20 mg\
BRV 50 mg\
BRV 100 mg36.4\
35.7\
38.9\
38.0NA\
6.8 (*p*=0.239)\
6.5% (*p*=0.261)\
11.7% (***p*=0.037**)17%\
30.0% (*p*=0.019)\
26.8% (*p*=092)\
23.5% (***p*=0.004**)20%\
27.3% (*p*=0.339)\
27.3 (*p*=0.372)\
36.0% (***p*=0.023**)None\
2 (2%)\
None\
4 (4%)Biton et al, 2014 (study N01253)[@CIT0054]Phase III, double-blind RCT, 8-week prospective baseline, 12-week treatment periodPatients with uncontrolled focal seizures despite 1--2 ASDs396Placebo\
BRV 5 mg\
BRV 20 mg\
BRV 50 mg37.5\
38.9\
37.3\
38.9NA\
-0.9% (*p*=0.885)\
4.1 (*p*=0.492)\
12.8% (***p*=0.025**)17.8%\
20.0% (*p*=NS)\
22.5% (*p*=NS)\
30.5 (***p*=0.003**)16.7%\
21.9% (*p*=NS)\
23.2% (*p*=NS)\
32.3% (*p*=NS)None\
1 (1.1%)\
1 91%)\
4 (4%)Kwan et al, 2014 (study N01254)[@CIT0055]Phase III, double-blind RCT, 4-week prospective baseline, 16-week treatment period (8-week dose-finding plus 8-week stable dose maintenance)Patients with uncontrolled focal (n=431) or generalized (n=49) seizures despite 1--3 ASDs480Placebo\
BRV titration up to 150 mg36.5\
35.6NA\
7.3% (*p*=0.125)18.9%\
26.9% (*p*=0.070)16.7%\
30.3 **(*p*=0.006**)None\
2 (1.5%)Klein et al, 2015 (study N01358)[@CIT0056]Phase III, double-blind RCT, 8-week prospective baseline, 12-week treatment periodPatients with uncontrolled focal seizures despite 1--2 ASDs760Placebo\
BRV 100 mg\
BRV 200 mg39.8\
39.1\
39.8NA\
22.8% (***p*\<0.001**)\
23.2 (***p*\<0.001**)17.6%\
37.2% (***p*\<0.001**)\
35.6% (***p*\<0.001**)21.6%\
38.9% (***p*\<0.001**)\
37.8% (***p*\<0.001**)0.8%\
5.3%\
4.0%[^2]

Phase III studies {#S0005-S2004}
-----------------

### Adjunct therapy {#S0005-S2004-S3001}

A prospective, multicenter, randomized, double-blind, placebo-controlled, parallel-group, fixed-dose trial (N01253) reported that adjunctive BRV at a daily dose of 50 mg is associated with statistically significant reductions in seizure frequency compared with placebo.[@CIT0054] In another double-blind, randomized, placebo-controlled trial (N01252), the primary efficacy analysis based on the 50 mg/day dose was not statistically significant.[@CIT0053] In comparison, BRV at 100 mg/day reduced baseline-adjusted focal seizure frequency/week by 11.7% over placebo, achieving statistical significance (*p*=0.037). Secondary efficacy analyses, median percent reduction, and \>50% responder rate also provided supportive evidence for the efficacy of BRV at 100 mg/day. The third pivotal Phase III randomized, double-blind, placebo-controlled, multicenter study (N01358) reported that adjunctive BRV at 100 and 200 mg/day was efficacious in reducing focal-onset seizures in adults without concomitant LEV use.[@CIT0056] Secondary efficacy analyses, median percent reduction, and \>50% responder rate also provided supportive evidence for the efficacy of both BRV 100 mg/day and BRV 200 mg/day. Lastly, the fourth pivotal Phase III randomized, double-blind, placebo-controlled flexible dose trial (N01254) in adults 16--70 years old with uncontrolled epilepsy (up to 20% were patients with generalized epilepsy), demonstrated that adjunctive BRV given at individualized tailored doses (20--150 mg/day) was well tolerated in adults with uncontrolled epilepsy.[@CIT0055] Further, adjunctive BRV titrated up to 150 mg/day dose improved the 50% responder rate (secondary endpoint) by 13.6% over placebo. An efficacy result of the six regulatory RCTs is summarized in [Table 2](#T0002){ref-type="table"}.

BRV was also evaluated in two Phase III randomized, double-blind, placebo-controlled trials (NO1187; NO1236) in 47 patients with Unverricht--Lundborg disease (EPM1).[@CIT0057] There was no significant improvement in action myoclonus scores (primary efficacy end-point) at 5 mg, 50 mg or 150 mg/day doses. However, the drug was well tolerated with high study completion rates (95.3% overall) and a high percentage of patients entering long-term follow-up (88.7% overall). The authors speculated that perhaps action myoclonus showed wide intra-patient variability and may not have been the optimal tool to measure severity of myoclonus in EPM1.

### Monotherapy {#S0005-S2004-S3002}

Two Phase III, randomized, double-blind, multicenter, historical-controlled, conversion-to-monotherapy studies (N01276; N01306) were conducted to evaluate the efficacy, safety, and tolerability of conversion to BRV 50 mg/day monotherapy in adults with uncontrolled focal seizures.[@CIT0058] In this study, patients aged 16--75 years, with 2--40 focal seizures per 4 weeks during an 8-week baseline, and on stable doses of 1--2 ASDs were enrolled. Patients were randomized to BRV 50 or 100 mg/day (3:1) in two equal doses without titration. The treatment period comprised 1-week BRV add-on, 8-week baseline ASD tapering, and 8-week BRV monotherapy periods. Primary efficacy endpoint was Kaplan--Meier estimate of the cumulative exit rate due to pre-defined exit criteria at Day 112 (50 mg/day, efficacy population). After randomization of 150 patients, both studies were terminated as interim analysis revealed the studies were unlikely to attain a positive outcome for the efficacy analysis, however BRV 50 mg/day monotherapy demonstrated an exit rate lower than historical control.

Meta-analysis {#S0005-S2005}
-------------

Pooled analysis from the six regulatory RCTs studies involving 2399 participants according to intent to treat (1715 for BRV and 684 for placebo groups) demonstrated that the pooled risk ratio (RR) for the 50% responders and seizure freedom were 1.79 (1.51--2.12) and 4.74 (2.00--11.25), respectively.[@CIT0023] Notably, the sub-analysis by LEV status did not show a statistically significant difference in the 50% responder rate when comparing BRV with placebo in patients with concomitant administration of LEV. In safety/tolerability and efficacy data for 35 patients aged ≥65 years pooled from three randomized, double-blind, placebo-controlled, fixed-dose Phase III studies (N01252, N01253, N01358), the median percent reduction from baseline in focal seizure frequency/28 days was 14.0% for placebo vs 25.5%, 49.6%, and 74.9% for BRV 50, 100, and 200 mg/day, respectively.[@CIT0059] The ≥50% responder rate was 14.3% for placebo vs 25.0%, 50.0%, and 66.7% for BRV 50, 100, and 200 mg/day, respectively. These findings suggest that BRV may be a suitable adjunctive treatment for older patients with uncontrolled focal seizures.

In a post-hoc analysis pooled from the three pivotal Phase III RCTs (N01252, N01253, and N01358), BRV administration with concomitant LTG or TPM reduced seizure frequency and was generally well tolerated for BRV doses of 50--200 mg/day.[@CIT0060] Patients treated with BRV 100 or 200 mg/day, and either LTG or TPM, appeared more likely to achieve a ≥50% reduction in seizure frequency compared with the corresponding placebo groups. Another post-hoc study of the three pivotal Phase III RCTs (N01252, N01253, and N01358) evaluated patients receiving BRV 50--200 mg/day (n=1160) by prior exposure to LEV and three other commonly used AEDs -- CBZ, TPM, and LTG.[@CIT0061] Study completion rates were similar in the ASD-exposed subgroups and ASD-naïve subgroups. The study found that patients previously treated by any of these four ASDs had reduced response to BRV, irrespective of the mechanism of action. The authors speculated that this observation could be due to the greater disease severity in the exposed patients. Importantly, this study also revealed that previous treatment failure with LEV should not preclude the use of BRV.[@CIT0061] In another study, an indirect comparison meta-analysis of 17 RCTs involving 4971 patients, the efficacy and tolerability of adjunctive BRV was compared to that of LCM, eslicarbazepine acetate (ESC), and perampanel (PER) in patients with focal-onset seizures.[@CIT0062] The analysis did not demonstrate a significant difference in efficacy between add-on BRV (50 mg/day) and LCM (200 mg/day), ESC (800 mg/day), or PER (12 mg/day). Further, lower adverse events were observed with high-dose BRV compared to high-dose ESC or PER. Lastly, Charokopou et al recently assessed the relative efficacy, safety, and tolerability of adjunctive BRV and other ASDs using a Bayesian network meta-analysis approach of 65 published RCTs. Their analysis demonstrated relative equivalence in efficacy, safety, and tolerability outcomes of the included ASDs (vs BRV): oxcarbazepine, PER, PGB, retigabine/ezogabine, TPM, and ZNS.[@CIT0063]

Safety and tolerability {#S0005-S2006}
-----------------------

Overall, both oral and intravenous forms of BRV are generally well tolerated with only mild-to-moderate side effects.[@CIT0010] Pooled data from the six regulatory RCTs found that long-term treatment with BRV is well tolerated.[@CIT0023] The overall relative risk for treatment withdrawal due to treatment emergent adverse events (TEAEs) or any reason were 1.58 (1.04--2.40) and 1.27 (0.93--1.73), respectively. The TEAEs significantly associated with BRV were dizziness, somnolence, fatigue, and irritability. The most common psychiatric adverse events (PAEs) were irritability (3.2% of BRV-treated patients vs 1.1% of placebo-treated patients), insomnia (2.9% BRV vs 1.5% placebo), anxiety (2.0% BRV vs 1.3% placebo), and depression (2.0% BRV vs 1.1% placebo). The number of serious TEAEs was 73/1787 (4.1%) for subjects randomized to BRV treatment groups and 38/718 (5.3%) for placebo group. The results of the meta-analysis of TEAEs reported from the six regulatory RCTs are provided in [Table 3](#T0003){ref-type="table"}. In another meta-analysis of eight RCTs with a total of 2505 patients, 1178 of which were randomized with respect to BRV, serious TEAEs, overall withdrawal, TEAE-related withdrawal, and PAEs were not significantly associated with BRV treatment.[@CIT0064] Further, there was no significant difference in the overall withdrawal rate between the BRV and placebo groups \[RR 95% CI, 1.18 (0.84, 1.65); *p*=0.34\]. TEAE-related withdrawal was also not associated with BRV treatment \[RR 95% CI, 1.36 (0.91, 2.04); *p*=0.14\]. Dizziness \[RR (99% CI)=1.57 (1.13, 2.18), *p*=0.008\], fatigue \[RR (95% CI)=1.98 (1.32, 2.97), *p*=0.001\], and back pain \[RR (95% CI) =0.44 (0.20, 0.93), *p*=0.03\] were significantly associated with BRV treatment. The comparison also showed that PAEs with BRV were not higher than with placebo \[RR (95% CI)=0.88 (0.60, 1.31), *p*=0.54\]. Lastly, a recent study consisting of 43 patients that underwent neuropsychological screening before adjunctive treatment with BRV and follow-up evaluation after 5 days or 25 weeks revealed a significant improvement with regards to attention and executive function.[@CIT0065]Table 3Rate of TEAEs (%) reported by ≥5% of patients in any treatment group in the six regulatory RCTs of brivaracetamSide effectBrivaracetam 20 mgBrivaracetam 50 mgBrivaracetam 100 mgBrivaracetam 150 mgBrivaracetam 200 mgOverall incidence rateRR*p*RR*p*RR*p*RR*p*RR*p*At least one TEAE1.06 (0.86--1.30)0.591.07 (0.91--1.25)0.421.16 (1.04--1.30)0.8180.95 (0.73--1.22)0.671.13 (0.99--1.29)0.08NAHeadache0.82 (0.48--1.40)0.461.28 (0.82--1.99)0.270.86 (0.52--1.41)0.5451.00 (0.26--3.79)1.000.95 (0.53--1.70)0.8610.4%Dizziness1.11 (0.60--2.06)0.741.44 (0.83--2.48)0.19**1.77 (1.01--3.09)0.047**1.67 (0.42--6.62)0.46**2.89 (1.57--5.32)0.001**9.6%Somnolence1.47 (0.81--2.66)0.201.54 (0.90--2.64)0.12**2.25 (1.45--3.49)\<0.001**1.00 (0.21--4.73)1.00**2.19 (1.33--3.63)0.002**12.4%Fatigue**3.00 (1.21--7.47)0.022.38 (1.16--4.89)0.022.31 (1.19--4.48)0.014**0.75 (0.18--3.19)0.69**3.03 (1.51--6.08)0.002**7.7%Nasopharyngitis**5.99 (1.36--26.35)0.02**2.16 (0.77--6.08)0.152.00 (0.18--21.7)0.5691.33 (0.31--5.67)0.69NANA4.2%Nausea0.99 (0.36--2.69)0.980.83 (0.38--1.82)0.641.50 (0.44--5.16)0.5200.67 (0.20--2.23)0.51NANA4.9%Insomnia1.47 (0.25--8.61)0.672.59 (0.70--9.60)0.15NANA3.00 (0.32--27.910.33NANA2.5%Irritability1.96 (0.37--10.46)0.43**2.95 (1.03--8.44)0.046.48 (1.17--35.9)0.033**0.50 (0.05--5.35)0.567.31 (0.91--58.97)0.0622.8%[^3]

Although to date no head‐to‐head studies have been performed, PAEs appear less common with BRV than with LEV, and most patients who switched to BRV after experiencing behavioral adverse effects on LEV reported improvement.[@CIT0023] A post-hoc analysis of data pooled from the three regulatory RCTs (N01252, N01252, and N01358) suggested a lower incidence of PAEs in BRV than LEV-treated participants.[@CIT0061] In another study, it was shown that 93.1% of patients who switched from LEV to BRV experienced reduction in the maximum intensity of primary PAEs, while 69.0% of patients showed marked or moderate improvement.[@CIT0066] Therefore, the authors concluded that patients experiencing PAEs associated with LEV may benefit from switching to BRV. Significantly, in a recent prospective open-label controlled study of 37 patients, no PAEs were reported.[@CIT0067] BRV was also associated with better anger levels, mood scores, and quality of life. Moreover, prior use of LEV or the presence of a psychiatric background did not influence the results. In a recent case-series study involving 25 patients with drug-resistant epilepsy and psychiatric co-morbidities, 77% patients who developed PAEs with LEV did not do so on BRV, suggesting that BRV is better tolerated in patients with psychiatric co-morbidities.[@CIT0068] Lastly, in a recent animal study using a Kainic Acid Model, BRV-treated rats displayed significantly less aggressive behaviors (ie, they behaved like the control group) than LEV-treated rats.[@CIT0069] Therefore, the authors concluded that BRV could represent an effective alternative to LEV to limit problems of aggressiveness related to its use.

Post-marketing studies (Phase IV) {#S0005-S2007}
---------------------------------

A multicenter study aimed to give insights into retention, efficacy, and tolerability in a large cohort of patients with different epilepsy syndromes during the first year of treatment with BRV reported that BRV in broad clinical post-marketing use is well tolerated.[@CIT0070] Efficacy at 3 months was 41.2% (50% responder rate) with 14.9% seizure‐free for 3 months and, at 6 months, 40.5% with 15.3% seizure‐free. The study also found that an immediate switch from LEV to BRV at a ratio of 10:1--15:1 is feasible. In addition, a recent multicenter retrospective post-marketing study involving 575 patients revealed that mean reduction in seizure frequency was 36.0%, 39.7% of patients were ≥50% responders and 17.5% were seizure‐free at 12 months.[@CIT0071] Lastly, post-marketing data in 34 children with focal epilepsies and BRV treatment found a 50% responder rate of 47% (29% seizure-free) at 3 months.[@CIT0072]

BRV in the treatment of other epilepsies {#S0006}
========================================

Status epilepticus {#S0006-S2001}
------------------

BRV's intravenous formulation and fast penetration into the brain will result in its increasing use in the management of SE.[@CIT0006] In a multicenter retrospective review of 205 patients with SE, 11 patients were treated with BRV for refractory or super-refractory SE; there was a cessation of SE in three patients (27%) within the first 24 hrs of BRV treatment.[@CIT0073] Initial BRV doses ranged between 50 and 400 mg (median 100 mg), titrated to a daily dose of 100--400 mg (median 200 mg). While taking BRV, no serious side effects were seen. Another multicenter retrospective cohort study reported that intravenous BRV with a bolus injection of 200--300 mg in two females with absence SE was well tolerated, but did not result in cessation of SE.[@CIT0074] A single-center retrospective study involving seven patients median-aged 68 years (range 29--79) that were treated with intravenous BRV reported immediate clinical and electrophysiological improvement in two patients (29%).[@CIT0075] Median loading dose was 100 mg intravenously over 15 mins (range=50--200 mg), titrated up to a median dose of 100 mg/d (range=100--300 mg). In another single-center retrospective study consisting of 14 patients, seven patients (50%) responded to intravenous BRV.[@CIT0076] Notably, the responders received significantly greater median loading dosage per body weight (3.3 mg/kg) compared to non-responders (1.5 mg/kg) and there were no responders with loading doses below 1.9 mg/kg. In a recent retrospective multi-center study consisting of 43 patients with SE, BRV was effective for 23 patients (54%) even when patients were already being treated with LEV.[@CIT0077] Lastly, a systematic review study consisting of seven studies consisting of 37 patients with SE found a 27--50% of SE cessation following the administration of BRV.[@CIT0078]

Generalized epilepsies {#S0006-S2002}
----------------------

Currently, BRV is only approved as adjunctive or monotherapy therapy for patients with focal-onset seizures with or without secondary generalization. However, it has been suggested that it could provide broad-spectrum efficacy given its similarity to LEV, and based on the results from preclinical and clinical studies.[@CIT0012] A Phase III, randomized, double-blind, placebo-controlled flexible dose trial consisting of 480 patients, conducted by Kwan et al had 49 patients with generalized seizures, mostly tonic-clonic (30 patients), absences (14 patients), and myoclonic (14 patients).[@CIT0055] The median percent reduction from baseline in generalized seizure days/week was 42.6% versus 20.7%, and the ≥50% responder rate was 44.4% versus 15.4% in BRV-treated and placebo-treated patients, respectively. In a recent multicenter retrospective study of 61 patients with genetic generalized epilepsies and BRV treatment, 50% responder rates of 36% (25% seizure‐free) for 3 months were reported.[@CIT0074] In a Phase IIA, single-blind, placebo-controlled study evaluating 18 patients with idiopathic generalized epilepsies and photosensitivity, BRV was found to have the ability to suppress generalized photoparoxysmal responses (PPR) on electroencephalogram.[@CIT0079] Among the evaluated dosages (10, 20, 40, or 80 mg/day), 80 mg was the most effective, resulting in long-lasting abolishment of the PPR.

Brain tumor-related epilepsy (BTRE) {#S0006-S2003}
-----------------------------------

There is no evidence that specific ASDs are more effective than others in BTRE, however LEV is the most commonly used given its clinical efficacy, low rate of medication interactions, availability of parenteral dosing, and safety profile.[@CIT0080] The use of LEV has also drawn attention because of its potential beneficial antitumor activity leading to increased survival.[@CIT0080] Unfortunately LEV-related PAEs, including agitation, anxiety, depression, emotional lability, hostility, nervousness, and psychotic symptoms, especially in patients with frontal lobe tumors receiving LEV are being increasingly recognized.[@CIT0081] Given the lower incidence of non‐psychotic PAEs in BRV than LEV, it would be of interest to determine whether this trend endures in BTRE.[@CIT0082] Interestingly, BRV showed dose-dependent cytotoxic and anti-migratory effects in an in vitro study of human glioma cells.[@CIT0083] This may suggest that patients with gliomas could benefit from treatment with BRV, in addition to standard ASD options (similar to LEV).

Dementia-related epilepsy {#S0006-S2004}
-------------------------

The increased prevalence of seizures in patients with Alzheimer's disease (AD), in relation to older populations without dementia, has been widely reported. Decisions on whether to treat seizures and the choice of ASDs for an individual with AD can be challenging.[@CIT0084] Among the various ASDs, the use of LEV and LTG to treat seizures associated with AD is supported by the strongest evidence.[@CIT0084] Although the role of BRV in this patient population has not yet been investigated, in two transgenic mouse models of AD, BRV reduced spike-wave discharges and reversed memory impairments in these mice.[@CIT0085] These preliminary data point to a favorable cognitive profile of BRV similar to LEV[@CIT0086]--[@CIT0088] with objective gains in attention and executive functions. Future studies with larger sample sizes and better controlled conditions are needed to confirm these findings.

Epileptic encephalopathies {#S0006-S2005}
--------------------------

A multicenter, retrospective cohort study of 42 patients with epileptic encephalopathy that were treated with BRV reported a 50% seizure reduction with BRV, similar to those seen in regulatory trials for focal epilepsies.[@CIT0089] A 50% long-term responder rate was apparent in 19 patients (43%), with two (5%) free from seizures for more than 6 months, and nine (20%, with one \[2%\] free from seizures) for more than 12 months. TEAEs were predominantly of psycho-behavioral nature and were observed in 16%.

Switching from LEV to BRV {#S0007}
=========================

Although no clinical trial has directly compared BRV with LEV in patients experiencing tolerability problems, substitution of LEV treatment by BRV is reasonable. Several studies have highlighted the safety and tolerability of switching from LEV to BRV. In a multicenter retrospective study of 575 patients, among those who switched because of PAEs from LEV therapy (n=53), only 9 (17%) reported PAEs on BRV, and only 3 (5.7%) discontinued because of PAEs.[@CIT0071] In another study, when patients were switched from LEV to BRV due to LEV-induced adverse reactions (mainly PAEs), 57--77% had improved tolerability with BRV.[@CIT0070] Although the occurrence of PAEs during previous LEV exposure predicted poor psycho-behavioral tolerability of BRV treatment, a switch to BRV was shown to alleviate LEV‐induced behavioral adverse events.[@CIT0070],[@CIT0071] An immediate overnight switch from LEV to BRV without titration, at a ratio of 10:1--15:1 is feasible.[@CIT0070],[@CIT0071] Similarly, in a multicenter study of 61 patients with genetic generalized epilepsy, immediate switch from LEV to BRV at a 15:1 ratio was feasible without titration.[@CIT0074] Given that the co-administration of LEV and BRV therapy could theoretically lead to competitive binding of the SV2A ligand and cause severe PAEs, it is generally advised to avoid prescribing BRV in patients concurrently taking LEV.[@CIT0024] A summary of pharmacological properties of BRV and LEV is provided in [Table 4](#T0004){ref-type="table"}.Table 4Comparisons of pharmacological properties of brivaracetam and levetiracetamBrivaracetamLevetiracetamDiscoveryTarget-based rational drug discovery programScreening in audiogenic seizure susceptible miceAvailable formulationsOral and intravenousOral and intravenousApproval status (FDA)\
Focal-onset seizures\
Generalized onset seizuresFirst time approval in 2016\
Yes (for age \>4 years old)\
NoFirst time approval in 1999\
Yes (for age \>1 month old)\
Yes Primary generalized GTCs (age \>6 years old)Myoclonic seizures (\>12 years old)Mechanism of actionSelective binding to SV2ABinding to SV2AInhibition of AMPA receptorsInhibition of high-voltage-gated calcium currentsBinding affinity to SVA215--30 times higher than LEV-Drug entry to the brainFast speed of entry (within minutes)Longer than BRV (1 hr)Clinically relevant drug interactionsWith rifampin and combined oral contraceptivesNoneInvolvement of CYP450 enzymesYesNoDosing adjustments in liver failureRequired in severe casesNot requiredDosing adjustments in renal failureNot requiredRequiredBehavioral and psychiatric adverse events3%10--15%Effect on cognitionSuspected to be similar to LEVNeutral[@CIT0086] or positive[@CIT0087],[@CIT0088] effect on cognition\
First-line therapy for dementia-related epilepsySwitching from LEV to BRV10:1--15:1 without titration--[^4]

Conclusion {#S0008}
==========

BRV is a highly lipid-soluble novel member of the racetam family of anticonvulsants that inhibit calcium-dependent exocytosis of synaptic vesicles with excitatory neurotransmitters and effectively decrease frequency of focal-onset seizures. While preclinical studies suggest broad spectrum of efficacy, BRV is currently only approved as monotherapy and adjunctive therapy of focal-onset seizures. BRV has 15--30 times greater affinity for SV2A than LEV, and rapidly penetrates the BBB and engages SV2A (within minutes). BRV exhibits a linear and predictable pharmacokinetic profile with \<20% plasma protein binding and elimination half-life of around 7--8 hrs. In contrast to LEV, no BRV dose adjustment is required in renal impairment; however, dose adjustment is required in severe hepatic failure. Overall, BRV has a low potential for clinically relevant drug--drug interactions. Over the last decade, 2399 patients have been studied in the regulatory clinical trial programs that demonstrated the efficacy and tolerability of BRV (for doses of 50--200 mg/day) in patients with drug-resistant epilepsy. Several post-marketing and meta-analysis studies also suggest that BRV is a safe and effective anticonvulsant. This includes patients with psychiatric comorbidities, and patients with demonstrated efficacy of LEV but intolerability of behavioral adverse effects. The better tolerability of BRV as compared with LEV, in terms of behavioral adverse events, is of great interest and requires further research to clarify the mechanism. Future studies are also needed to clarify BRV during longer-term follow-up, and establish its efficacy and tolerability in other types of epilepsies, including BTRE.
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[^1]: **Abbreviations:** CYP450, cytochrome P450; HD, hemodialysis; OCP, oral contraceptive pills.

[^2]: **Note:** The *p*-values are bold where they are significant.

    **Abbreviations:** ASDs, antiseizure drugs; BRV, brivaracetam; N (ITT), number of patients in intention to treat population; NA, not applicable; NS, non-significant; RCT, randomized controlled trial.

[^3]: **Notes:** Data from Lattanzi et al.[@CIT0023] The *p*-values are bold where they are significant.

    **Abbreviations:** RR, Mantel-Haenszel risk ratios; TEAEs, treatment-emergent adverse events; NA, not applicable.

[^4]: **Abbreviations:** AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; BRV, brivaracetam; CYP450, Cytochrome P450; FDA, Food and Drug Administration; GTCs, generalized tonic-clonic seizures; LEV, levetiracetam; SV2A, synaptic vesicle glycoprotein 2A.
